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In vitro culture techniques have done much to further our understanding of the physiology of flower induction and 
evocation. Contributions in the literature are extensively reviewed, the evidence may be used to support either a 
single-compound (florigen/inhibitor) theory, or a mUlti-component theory, or both. Numerous factors are considered, 
including bioassay systems, promoters and inhibitors of flowering, and the effects of hormones, phenolics, nutrients, 
carbohydrates and nitrogen on flowering in vitro. 
In vitro kulture het veel bygedra om ons kennis aangaande die fisiologie van blominduksie en uitdrukking te verbreed. 
Die literatuur word hier breedvoerig geevalueer. Die bewyse wat gebruik word om 'n teorie van 'n enkele verbinding 
(florigeen/inhibeerder) of'n interaksie van'n aantal verbindings of beide, in die proses te verklaarword bespreek. Vele 
faktore word in ag geneem ten opsigte van in vitro blomvorming insluitende biotoets-sisteme, stimuleerders of in-
hibeerders van blomvorming, die effek van hormone, voedingstowwe, koolhidrate, fenoliese verbindings en stikstof. 
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Introduction 
The physiological processes involved in flowering are many 
and range from the genetic capability of the plant to flower, 
to the perception of stimuli, the production of some f1ower-
initiating signal and the control of the development of meri-
stems to form flowers and ultimately fruits. Whether the 
separation of these general processes can be justified, re-
mains to be seen, as it is possible that the regulatory mecha-
nisms may be firmly intertwined. Yet it is tempting to try to 
isolate what is probably the most significant event in the 
process, the production of some substance or substances 
which bring about the change from vegetative to reproduc-
tive growth. After Chailakhyan (1937) proposed the exis-
tence of f1origen, attention was channelled towards the 
finding of a single flower promoter. This theory dominated 
research into flowering for decades, and still attracts a fair 
measure of support. Chailakhyan himself (1958) eventually 
recognized that some other substance, possibly a gib-
berellin, may work alongside the flowering stimulus. Other 
workers provided circumstantial evidence for the existence 
of flower inhibitors, which were thought to work antago-
nistically with the promoter present, determining the re-
productive state of the plant (Evans 1969; Wareing & EI-
Antably 1970; Reid & Murfet 1977). This theory met with 
some resistance (Lang 1965; Zeevaart et al. 1977) zs it was 
thought unlikely that such a ratio could be maintained in 
grafting and other manipulation experiments. With time, 
more evidence has accumulated to include the involvement 
of a variety of other substances, some common, others 
specific. The logical progression of all this work has been 
the postulation of theories propounding a multi-compo-
nent sequence of events which takes place as plants are in-
duced to flower. Bernier et al. (1981b) presented a credible 
argument in favour of such a theory. They postulate that a 
number of factors are involved, some common and some 
unique to a particular species; some increasing in concen-
tration and some decreasing, until some point of no return 
is reached after which flowering is irreversible. This theory 
serves to explain much of the available information, includ-
ing the fact that many apparently unimportant substances 
can induce flowering in non-inductive conditions. They 
also succeeded in accommodating what has long been 
thought of as unequivocal evidence for a 'f1origen', that is 
the transmission of the floral stimulus across a graft union, 
even if the contact time is relatively short. This model also 
explains why grafting between two vegetative plants does 
on occasion, cause flowering. 
Yet, despite the fact that most researchers are providing 
information supporting this model, the f10rigen theory re-
mains an attractive and topical one, which may not be that 
far removed from multi-component models. It is possible 
that in each species or flower-response type, there may be a 
single substance of major importance, but this need not 
preclude a host of other substances, all involved in a multi-
component flower stimulus. These other substances could 
include a variety of compounds such as plant hormones, 
phenolics, nutrients and even sucrose. However, the real 
mystery lies with the chain of events, or the substance (f10-
rigen?), that is produced directly in response to the percep-
tion of environmental stimui, thus initiating the processes 
leading to the production of the wide variety of substances 
involved in flower initiation and development. 
After all the years of intensive research, which have not 
solved the mysteries of flowering, there is need for change. 
Bernier et al. (1981b) commented that' ... no satisfactory 
answers will arise from the continuation and refinement of 
the same type of experiments'. As a novel approach, in 
vitro techniques are proving to be useful in investigating 
some of these problems. They allow for much greater con-
trol of the whole or part of the plant, more efficient applica-
tion of exogenous substances, the isolation of effector or 
affected sites, and the avoidance of complicatory influences 
such as bacterial or fungal contamination of wounded sur-
faces and of organic substances under test. Three main sys-
tems are used for in vitro flowering with different ob-
jectives. These are not always appreciated or recognized: 
(1) Whole plant culture, where plants have all the basic or-
gans, even though they may be reduced. Such cultures 
may be derived from seed sown in vitro; by subcultur-
ing whole plants reproducing vegetatively in vitro; by 
the growth of apical or axillary buds taken from parent 
plants; or by the differentiation of undifferentiated 
tissue to form buds and subsequently whole plants. 
(2.1) The culture of isolated organs or buds or parts 
thereof, containing meristematic regions which deve-
lop either shoots or roots and then flower in vitro. 
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Apical and axillary bud culture may also fit here as 
well as the culture of stem segments, root segments 
and leaf explants. 
(2.2) The culture of isolated organ explants with meri-
sterna tic cells which produce flowers directly without 
the formation of roots or shoots. 
(3) The culture of non-meristematic tissues such as callus, 
thin epidermal cell layers (Barendse et al. 1985) and 
pith tissue, with direct flower bud differentiation and 
development without the formation of shoots or roots. 
All of the above systems have advantages and disadvan-
tages. The culture of whole plants has the advantage that 
intact systems can be manipulated with a high degree of 
control with respect to environmental and nutritional re-
quirements. More important is that test substances can be 
applied with more accuracy and with a greater assurance 
that the substance is taken up by the plant. If one is to exa-
mine the flowering stimulus as a multi-component system, 
the chance of ever achieving a medium with the correct con-
centrations of all the required substances is very remote. 
Even more difficult would be the simulation of concentra-
tion changes, where the level of one substance increases 
while another decreases. This does occur naturally, and has 
been shown for a variety of the known plant growth re-
gulators, during a variety of growth processes. The advan-
tage of whole plant investigations is that one can test either 
a single or a small number of compounds and rely on the 
complete plant in culture to provide all of the other com-
pounds required for growth and/or flowering, in their cor-
rect concentrations. One potential problem here is that in 
those systems which are maintained in non-inductive con-
ditions, and induction is attempted with a single test sub-
stance, the physiological conditions occurring in the plant 
may be directed towards vegetative growth to an extent 
that the inductive properties of the substance are not 
realized. Nevertheless, systems could be developed using 
plants in a marginal flowering condition, which negates 
some of the problems mentioned above. 
The advantage of the second type of system, isolated 
meristematic regions which do not always form all of the 
representative organs, is that the confounding influence of 
certain organs can be eliminated. In this way, one can es-
tablish the role of these organs in flowering. Conversely, 
the lack of a certain organ may prevent either the initiation 
of flowering or the manifestation of the flowering stimulus. 
The advantage of those systems where a meristematic 
zone differentiates flowers directly without the formation 
of leaves or roots, is that the direction of differentiation of 
the initials in the sink is being controlled directly in the test 
system without the interfering influence of the rest of the 
plant. There is a possibility that the explant tissue surround-
ing the meristematic zone may have some influence on 
flowering, especially in those cases where photosynthetic 
tissues are present. Because of this, explant size is usually 
kept to a minimum, especially in the case of apical meri-
stem culture, where it is said to be desirable to isolate the 
apical dome by removing the leaf primordia (Scorza 1982). 
Such a system would be most suited to investigations of a 
single flowering stimulus. 
In those systems where no meristematic tissue is present, 
one has first to overcome the change from ground tissue to 
meristematic tissue, which may be unrelated to the flower-
ing stimulus and is not a requirement in in vivo plants. 
Thereafter the system has similar potential to the one 
above, with the one advantage that there is a lack of organ-
differentiated tissue. It is not known if the presence of diffe-
rentiated cells in callus tissue has any effect on flowering. 
One major factor affects all in vitro flowering systems, 
and that is the physiological state of the parent plant which 
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provides the explant for culture. If the parent plant is vege-
tative, then flower induction must be achieved in vitro, 
whereas if the parent plant is already induced or is flower-
ing, then only the expression of that induction will be 
investigated. Both have their advantages, but the former is 
likely to be more useful in investigations of the floral 
stimulus. 
In vitro techniques thus provide several ways in which 
flowering can be examined, most of which cannot be 
carried out in vivo. The currently available information is 
examined in this review in the context of the preceding 
discussion. Investigations supporting a single substance 
regulating flowering will be dealt with first, followed by 
investigations relating to multi-component systems. It must 
be noted that the authors have categorized various works, 
although this may not have been the intention of the resear-
cher. 
In this review, the use of terminology follows the guide-
lines of Evans (1969). These are briefly; induction, the 
process occurring in the leaf which leads to flowering; evoc-
ation, the processes at the shoot apex which lead to flower-
ing but are distinct from differentiation; floral stimulus, any 
translocated substance which evokes flowering; f1origen, 
the immediate productls of leaves undergoing photoperi-
odic induction, which causes evocation. 
Investigations based on a single compound/florigen 
model 
Bioassays 
For some years, in vitro techniques have been used in an 
attempt to provide a bioassay system, where an extracted 
flower stimulus or some other substance, would bring 
about flowering in non-inductive conditions, or conversely 
would inhibit flowering in inductive conditions. It is clear 
that the results of the work that has been done are not 
conclusive and have not been successful as bioassay 
systems. They do not give an indication of whether a subst-
ance is a single compound or florigen, or an extraneous 
substance which happens to cause the explant to flower, 
either for pharmacological reasons or because it forms part 
of the growth requirements of the flower. The reason for 
this assertion is the large variety of known and often 
common substances which bring about flowering in many 
plants, in particular in the Lemnaceae. It is unlikely that 
any of these substances is a f10rigen acting on its own to 
induce flowering, and thus they will be dealt with later as 
part of multi-component systems. 
There is still a possibility that a single substance isolated 
from extracts could be found to have inductive properties 
on a wide range of species. Such a substance could be consi-
dered to be a f10rigen even if it is not universally distribu-
ted. Once such a compound is identified, the bioassay of it 
is possible provided extensive purification of the extract is 
carried out. This is necessary, unless a highly specific 
bioassay system can be developed where the explants are 
only responsive to f10rigen and not to the wide variety of 
substances which are known to induce flowering. Such a 
bioassay system would rely on the existence of a stimulus 
that is common to at least a large group of plants, or a parti-
cular response type. No such substance has yet been identi-
fied or is even known to exist, although some preliminary 
work has indicated that extracts of Xanthium contain 
flower inducers if applied to Lemna, or to Xanthium in 
conjunction with gibberellic acid (Hodson & Hamner 
1970). Extracts from Chrysanthemum applied to Xanthium 
and Chrysanthemum (Biswas et al. 1966) and diffusate 
from induced scales of Wedgewood Iris transmitted to Iris 
apices both induced flowering (Rodrigues Pereira 1965). 
All of these examples can be explained in terms of a multi-
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component model as described by Bernier et al. (1981b), 
which demonstrates the inconclusiveness of these systems 
as bioassays. 
In the determination of the suitability of a particular 
system as a bioassay, a number of criteria have to be consi-
dered. 
(1) The physiological state of the parent plant. Plants 
which had been pre-induced or were already flowering 
have often been used as the source of explants, such as 
in the case of Streptocarpus (Simmonds 1982), Torenia 
(Tanimoto & Harada 1981a, b), Kalanchoe (Margara 
& Piollat 1981), Browallia (Ganapathy 1969), Begonia 
(Ringe & Nitsch 1968) and also in the much-used Nico-
tiana system, where explants are usually taken directly 
from the inflorescence tissue (Chouard & Aghion 
1961; Aghion-Prat 1965a, b; Tran Thanh Van 1973a). 
If these systems are used as bioassays, and flowering is 
brought about by the addition of some substance to the 
medium, it is probable that this substance simply pro-
motes the manifestation and growth of the buds or 
flowers, which had already been determined by the 
stimulus before culture. In vitro flowering in Nicotiana 
has only succeeded in DNP, which suggests that the 
stimulus produced by photoperiodic tobacco plants has 
not been reproduced. Until photoperiodically sensitive 
tobacco species have been successfully induced in 
culture, this work is not likely to be valuable as a 
bioassay system. Chailakhyan et al. (1974) suggested 
that in photoperiodic tobacco plants, the stimulus may 
be the same as in DNP, but the apex does not develop 
the ability to synthesize its own requirements for evoc-
ation and flowering and therefore relies on a continued 
imput from the leaves. Bridgen & Veilleux (1985) and 
Dickens (1987) supported this by grafting DNP Nico-
tiana to photoperiodically sensitive tissue in vitro, but 
could not obtain any flowering in the sensitive explants, 
or inhibition in the DNP, although this does occur in 
vivo (Lang 1965). 
It is desirable then, that the parent or donor plant 
used in a bioassay for the flowering stimulus should be 
strictly vegetative at the time of culture. 
The nutritional status of the parent plant also affects 
the ability of the explants to flower. Explants of Glycine 
derived from parent plants grown in vitro on a nutrient-
deficient medium fail to flower and fruit to the extent of 
those from more enriched media (Dickens & van 
Staden 1985). 
(2) The culture medium may play an important role in the 
effectiveness of a bioassay. A variety of plant growth 
regulators are usually added to the medium in order to 
bring about growth (Table 1). Some systems have 
nevertheless avoided these additions, such as those 
using Nicotiana (Aghion-Prat 1965b), Torenia (Tani-
moto & Harada 1981a, b), Glycine (Dickens & van 
Staden 1985) and Kalanchoe (Dickens 1987). It is pos-
sible that growth regulators may interfere with the 
expression of the stimulus, or even simulate its effects 
and therefore they are not desirable in a bioassay. The 
composition of the nutrients in the medium may also 
play an important role, as was indicated by Tanimoto & 
Harada (1981a) and Dickens (1987). 
(3) The culture photoperiod; the most desirable culture 
conditions for a qualitative bioassay would be those 
that keep control plants in a vegetative state, and where 
the substance under test brings about flowering. One 
problem associated with this is that the plant may be 
dominated by vegetative conditions which actively 
prevent the stimulus from working. For this reason, it 
would be desirable to develop systems using species 
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which are marginally floristic under certain conditions. 
Under these conditions, there is less likelihood of 
strong vegetative determination. De Fossard (1974) 
suggested that specimens should be grown under 
inductive conditions in order to avoid natural inhibitor 
production. Dickens (1987) made use of inductive 
cycles in a quantitative bioassay, and measured the 
increased or decreased rate of flowering and the 
number of flowers produced by Kalanchoe nodal 
explants grown in vitro. There was no vegetative resist-
ance to flowering, but the issue is whether the stimulus 
under examination was a flowering one, or simply a 
growth-rate or inflorescence branching stimulus. This 
is not yet known. 
(4) The choice of an explant is influenced by many factors, 
as was outlined in the introduction. De Fossard (1974) 
claimed that the specimen should be defoliated to re-
duce its responsiveness to environmental conditions 
and should be reduced to the tissues which respond to 
f1origen. This type of bioassay is dependent on a single-
compound stimulus, and is unlikely to work if flower 
induction and evocation rely on a more complex stimu-
lus. It is possible that some imput from the leaves and 
other organs may be necessary to support the growth of 
the flower primordia to a size where they can be evalua-
ted. A lack of these general organs may prevent the 
expression of the floral stimulus. Conversely to this, 
isolated apices of Perilla would not provide suitable 
bioassay material, as they flower automatically if 
stripped of their unfolded leaves (Raghaven & Jacobs 
1961). 
(5) There is a possibility that a system may be developed 
where the floral stimulus induces concurrent changes in 
the plant, which may act as indicators of the presence of 
the stimulus. Kalanchoe is a possibility, as there are 
several changes associated with the transfer to induc-
tive cycles (Schwabe 1969) such as the onset of leaf suc-
culence, cell sap viscosity and increased anthocyanin 
levels (Neyland et al. 1963). 
Evidence for the existence of florigen, provided by in vitro 
studies 
The culture of small explants from plants which are already 
flowering, has shown that the determination to flower can 
be carried through from the flowering parent plant to the 
explant. This occurs even if the explant grows considerably 
before flowering takes place, such as in the case of Nico-
tiana inflorescence sections. This was also found where the 
apex of Saccharum continued through to flower in non-
inductive conditions (Coleman & Nickell 1964). Explants 
of Glycine taken from flowering plants, flowered in non-
inductive LD (Dickens & van Staden 1985), while Scorza & 
Janick (1980) found that reculturing of Passiflora led to the 
exhaustion of the stimulus. In the DNP Nicotiana, the floral 
stimulus was stable through three subcultures, and is thus 
thought to be produced in all cells (Chailakhyan et al. 
1974). The stimulus in Pharbitis requires at least 24 h to 
reach and be stabilized at the apex before culture in vitro, 
while in vivo, flower saturation is achieved after only 4 h 
(Bhar 1970). 
Results such as these could be used to indicate that some 
substance which works at a very low concentration is pre-
sent in the tissue. These results also question the theory that 
some particular concentration or balance of substances is 
responsible for flowering, as this is not likely to be transfer-
red and developed during culture. If a substancelflorigen is 
carried over during culture and continues to stimulate 
flowering, it seems reasonable to assume that its multiplica-
tion must occur as the explant enlarges. This suggests some 
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Table 1 Table of species which have been cultured and have successfully produced flowers in vitro 
Parent 
Response plant Explant Culture Hormones in Promotion Inhibition 
Species group induced source daylength medium by: by: Reference 
Alium sativum flower LD GA) Tizio 1979 
stalk 
Arabidopsis LDP no stem LD kinetin Nitsch 1972 
thaliana segments (adenine) 
Baeria no seed SD Loo 1946a 
chrysostoma 
Begonia sp. yes leaves and LD and SD BA,IAA, IAA Ringe & Nitsch 1968 
flower stalk phenylacetic 
acid 
Bouganvillea Chaturvedi & Sharma 1977 
glabra Steffen et al. 1986 
Browallia SDP yes flower bud LD kinetin or IAA, GA3 Ganapathy 1969 
demissa SD 8339 
Carthamnus cotyledon continuous IAA, kinetin Tejovathi & Anwar 1984 
tinctorious 
Cestrum diurnum LSDP no node LD to SO light Caplin & Griesel 1967 
Chenopodium SDP no seedling SD CCC, ABA,De Fossard 1972, 1974 
rubrum apex ethrel 
Cichorium LDP or no raceme SD red light, hydration, Badila et al. 1985 
intybus CRP ? root LD GA), IAA Badila & Paulet 1986 
coumaric Bouniols 1974 
acid, Joseph & Paulet 1975 
anti-auxin Paulet & Nitsch 1964 
Pierik 1966b, 1970 
Margara et al. 1965 
Margara et al. 1966 
Chrysanthemum SDP no apex SO GA3 IAA, GA3 Harada 1967 
'Honeysweet' 
Crepis cappilaris LOP yes hypocotyl IAA, IBA, kinetin Brossard 1979 
callus kinetin Jayaker 1970 
Cucumis sativus no hypocotyl continuous Rajasekaran et al. 1983 
Cuscuta seedling Loo 1946b 
campestris apex 
Cuscuta apex haustoria Bertossi 1956 
epithymum 
Cuscuta reflexa SDP no apex unknown IAA Baldev 1959 
or dark 
Dianthus LDP? yes anthers LO IAA, kinetin, Villalobos 1981 
caryophyllus coconut milk 
Dionea muscipula no leaf LD zeatin King (pers. comm.) 
segments 
Drosera leaf LD BA,NAA Crouch (pers. comm.) 
natalensis 
Glycine max SDP no node±leaves SD or none Dickens & van Staden 1985 
LD to SD 




Helianthus anuus DNP or no apex LD BA or Henrickson 1954 
SDP kinetin Paterson 1984 
Jris CRP no bulb or dark low temp. , IAA Doss & Christian 1979 
cv. 'Wedgewood' apex GA3 0r Rodrigues Pereira 1965 
cv. 'Ideal' primordia induced scale 
diffusate 
Kalanchoe SDP yes flowers LD BA, NAA, ABA Dickens 1987 
blossfeldiana 2,4-0 Margara & Piollat 1981 
Lemna SDP no whole plant SD zeatin , BA, CCC, ABA Cleland & Tanaka 1979 
aequinoctialis continuous ABA, CCC, GA), IAA Fujioka et al. 1986a, b 
(= paucicostata) benzoic, NH4 Gupta & Maheshwari 1970 
tannic, Higman & Smith 1969 
salicylic Kaihara & Takimoto 1985a, b 
and nicotinic Kandeler & Hugel 1973 
acids, and Khurana & Maheshwari 1980, 
vitamin K, 1983a, b, 1986 
dicourmarol Tanaka et al. 1986 
Lemna gibba LDP no whole plant 12-h GA), cAMP chlorogenic Fujioka et al. 1985 
EDDHA, glucose, Oota 1963, 1972 
BA, IAA, GA), Pieterse & Muller 1977 
salicylic, ABA and 
benzoic and kinetin Umemoto 1971 
nicotinic acids 
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Table 1 Continued 
Parent 
Response plant Explant Culture Hormones in Promotion Inhibition 
Species group induced source daylength medium by: by: Reference 
Lemna minor LOP no whole plant benzoic and Kaihara et al. 1981 
salicylic 
acids 
Lemna perpusilla SOP yes/no whole plant SO and LO BA allogibb. Bennink & de Vries 1975 
(P146) acid , GA7 Pryce 1973 
Lunaria annua CRP, yes petiole low temps, IAA, NAA, Pierik 1966a, 1970 





Manihot esculenta CRPILOP apex LO IAA, BA, Tang et al. 1983 
GA3 
Mazus pumilus yes stem IAA, kinetin, kinetin Raste & Ganapathy 1970 
internode GA3 
Mesembryanthemum Mehra & Mehra 1972 
floribundum 
Nauticocalyx leaf auxin, Tran Thanh Van 1973b 
Iynchei epidermis cytokinin 
N icotiana rustica leaf IAA, Gill et al. 1979 
protoplasts kinetin 
Nicotiana tabacum ONP yes thin cell continuous BA, NAA, BA Cousson & Tran Thanh Van 
cv. Samsun layers from IAA , kinetin 1983 
inflorescence Croes et al. 1985 
Van den Ende et al. 1984c 
Nicotiana tabacum ONP yes thin cell continuous IAA, kinetin, RNA base GA3 Aghion-Prat 1965a, b 
cv . Wisconsin 38 layers from or none analogues, Chouard & Aghion 1961 
inflorescence ONAfrom Hillson & La Motte 1977 
stems induced Tran Thanh Van et al. 1974 
plants Wardell 1977 
Wardell & Skoog 1969a, b 
Nicotiana tabacum ONP yes stem LO IAA, NAA, Chailakhyan et al. 1974, 1975 
cv. Trapezond internodes kinetin 
Oncidium yes inflorescence LO NAA Barbante Kerbauy 1984 
varicosum stalk 
Passiflora ONP yes leaf, tendril , LO BA BA Scorza & Janick 1978, 1980 
suberosa stem segments 
Panax ginseng embryoids LO BA, GA4 GA4 Chang & Hsing 1980 
and root 
Perilla crisp a SOP no apex and continuous IAA, kinetin sucrose, Purse 1984 
leaves ABA and Wada & Totsuka 1982 
phloem 
exudate 
Perilla fructescence SOP no apex and SO BA, NAA, Raghaven 1961 
leaves IAA Raghaven & Jacobs 1961 
Tanimoto & Harada 1979, 
1980 
Perilla nankinensis SOP no apex kinetin, Chailakhyan & Butenko 1959 
adenine 
Pharbitis nil SOP no apex SO and low temps, ethrel, Bhar 1970 
seedlings continuous NAA, GA3, IAA, GA3 Harada 1967 
kinetin, Matsushima et al. 1974 
BA, GA3, Shin ozaki & Takimoto 1982a, 
ABA and b, 1983 
benzoic acid Takimoto 1960 
Phlox drummondii SOP yes flower bud IAA, IAA, Konar & Konar 1966 
coconut milk coconut milk 
Pisum sativum CRP apex and BA,NAA Novak et al. 1985 
axillary bud 
Plumbago indica SOP no internode SO ethylene, auxin, Nitsch 1972 
ABA, GA3 Nitsch & Nitsch 1967a, b 
adenine Nitsch et al. 1967 
Rudbeckia bicolor LOP yes stem and LO GA3, BA, GA3 Tanimoto & Harada 1982a 
leaf NAA 
Salix babylonica buds GA3, NAA, Angrish & Nanda 1982 
kinetin 
Scrofularia LOP node 12-h coconut milk , kinetin Miginiac 1972 
arguta IAA 
Silene candida LOP yes apex and leaf GA3, kinetin Kalanchoe Blake 1966, 1969, 1972 
(= Viscaria) primordia extracts 
Silene cardinalis LOP yes apex kinetin Blake 1969 
Sinapis alba LOP no apex SO sucrose nitrogen Oeltour 1967 
Spinacia oleracea LOP no apex GA3, GA7 Sandoz9789 Culafic & Neskovic 1980 
Stellaria media apex White 1933 
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Table 1 Continued 
Parent 
Response plant Explant Culture 
Species group induced source daylength 
Spirodela 
polyrrhiza SP20 
Streptocarpus SDP no SD 
nobilis yes leaf 
Saccharum SDP yes apex 
officina rum 
Thuja sp . . 
Torenia fournieri SDP yes leaves, SD 
internode 
Vitis vinifera tendril LD 
Wolffia arrhiza LSDP no whole plant SD 
Wolffia SOP no whole plant LD 
microscopica 
Xanthium SOP no apex SO 
strumarium 
involvement at the gene level, possibly of an epigenetic 
nature. 
The presence of a flower gradient in plants has been 
shown repeatedly in Nicotiana (Aghion-Prat 1965a; 
Chouard & Aghion 1961) and in Torenia (Tanimoto & 
Harada 1979), where only explants taken from the upper 
regions of the stem will form flowers, while those from the 
bottom remain vegetative. The possibility has been raised 
repeatedly that these upper sections contain either the re-
quisite amount of a stimulus which is produced in the upper 
regions of the plant and forms a gradient of concentration 
down the stem, or they contain the correct balance of two 
or more substances probably derived from different parts 
of the plant. 
There is a strong possibility that this gradient exists as a 
result of epigenetic changes which have taken place, and 
thus no particular substance need be present in the explant 
to carryover the flowering stimulus besides the altered 
DNA. Such a situation nevertheless does not preclude the 
involvement of florigen, as some signal does have to be pro-
duced by the plant which causes this genetic change, or 
some substance is produced as a result of this change. This 
was supported by work on Helianthus, where the apex was 
found to be determinate and various treatments with hor-
mones and other substances had no effect on flowering 
(Paterson 1984). It is important to bear in mind the fact that 
much of the 'flowering gradient' work is based on DNP cul-
tivars o( Nicotiana tabacum, and therefore there is no pro-
duction of an environmentally initiated stimulus. Scorza & 
Janick (1980) did show the existence of some diminishing 
stimulus in the DNP Passiflora. It is not known what events 
are responsible for the change to the reproductive state in 
DNP, but it is possible that the same physiological con-
ditions are produced as are found in SDP and LDP. Chaila-
khyan et al. (1974) claimed that all DNP cells synthesize the 
stimulus, while in photoperiodically sensitive plants, only 
the leaves produce the stimulus and supply a continuous 
supply to the apex. This makes their induction in vitro dif-
ficult. Ross & Murfet (1985) noted that in Lathyrus, the 
difference between DNP and LDP is under relatively 
simple genetic control. That there is some similarity in the 
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Hormones in Promotion Inhibition 
medium by: by: Reference 
Khurana & Maheshwari 1980 
GA3 , IAA, Handro 1977, 1984 
BA BA KN03, Rossini & Nitsch 1966 
sucrose Simmonds 1982 
Coleman & Nickell 1964 
GA3 Ritchie et al. 1986 
IAA, kinetin, IAA, ABA, NAA, BA, Bajaj 1972 
or none zeatin, kinetin , Chlyah 1973a, b 
sucrose NH4N03 Tanimoto & Harada 
1981a, b, c 
Tanimoto et al. 1985 
BA, PBA Srinivasan & Mullins 1978 
BA, kinetin, Krajncic 1983 
zeatin 
salicylic acid, Khurana & Maheshwari 
BA, 1983a, b 




kinetin Jacobs & Suthers 1971, 1974 
stimulus is supported by grafting experiments using Nico-
tiana (Lang 1965; Zeevaart et al. 1977), where the transfer 
of the stimulus was achieved from one response group to 
another. These grafting results do not provide conclusive 
evidence if examined in the light of the Bernier et al. 
(1981b) multi-component model, where a single substance 
which forms part of a multi-component system may be 
transmitted across a graft union and bring about flowering. 
The important issue here is the separation of florigen 
from all the other factors involved in flowering. Even 
though a group of factors may induce flowering, this does 
not preclude the possible existence of florigen. This was rec-
ognized by Sachs (1977) while describing a nutrient diver-
sion hypothesis for the control of flowering. So in reality, it 
may be difficult to distinguish a florigen theory from the 
multi-component theory to be discussed later. 
Evidence for the existence of flower inhibitors 
The presence of inhibitors of flowering is well established 
and has been demonstrated in several experiments. Inter-
pretation is critical here as it was pointed out by Jacobs & 
Suthers (1974) that many of the results which show the pre-
sence of a flower stimulatory substance, can also be inter-
preted as showing the removal of a flower inhibitor. In sup-
port of an inhibitor, Jacobs et al. (1965) had earlier sugges-
ted that a florigen may not exist in Perilla, and that the apex 
does not need to be induced to flower, but will flower auto-
matically when the inhibitory effect of the leaves in LD 
have been removed by SD. Blake (1972) developed a bio-
assay for flower inhibitors, using Silene (= Viscaria) apices 
and found that extracts of vegetative Kalanchoe were sig-
nificantly more inhibitory than flowering extracts. One 
problem not dealt with, was the fact that flowering leaves of 
Kalanchoe are more succulent than vegetative leaves (Har-
der 1948), contain more water and therefore the cytoplasm 
would be more diluted. This may have contributed to the 
difference in results. Schwabe (1972) did obtain inhibition 
in Kalanchoe by injecting vegetative extracts into in vivo 
plants in SD inductive cycles. 
Raghaven & Jacobs (1961) demonstrated that in Perilla, 
flowering is controlled by at least two components or 
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events, the first controlling cone formation and the second 
controlling flower development on the cone. The former 
event is controlled by the presence of an inhibitor produced 
by young folded leaves, while the latter is photoperiodically 
controlled by the production of a stimulus by the same 
leaves. The inhibitor was found to diffuse through the 
medium from inhibitory leaves to an isolated apex in induc-
tive conditions. 
The Lemna system has identified several inhibitors of 
flowering, including ammonium ions (Oota & Kondo 
1974), sugar (Oota 1972), several plant growth regulators 
and a variety of other substances (Kandeler 1984). These 
will be examined later in detail, but the important point 
here was made by Hillman & Posner (1971) and Oota & 
Kondo (1974) who said that inhibition in Lemna by such a 
variety of diverse factors is due to the harmful action of 
these substances on the plasma membrane, specifically if 
the cAMP level in the bud cells is controlled by membrane-
bound adenyl cyclase activity. This indicates that in many 
cases, inhibition may not be specific to flowering but may 
be pharmocological. 
It is notable from the preceeding discussion that the exis-
tence or identity of a florigen or specific inhibitor has not 
been conclusively shown in in vitro systems, as is the case in 
the whole of flowering research . The major obstacle in this 
work is the tendency to draw distinction between florigen 
and multi-component theories, a distinction which may 
have no justification at all. 
Evidence for a mUlti-component stimulus/system, 
provided by in vitro studies 
As workers searched for a single flower-promoting sub-
stance, it became apparent that even though such a sub-
stance may exist, a number of other substances and pro-
cesses also affect the induction and evocation of flowering 
although these processes are proving difficult to distin-
guish. As was mentioned earlier, florigen action became 
related to the presence of gibberellins and then inhibitors. 
Several other compounds have also been implicated. 
Chailakhyan (1985), enlarging on his original theory of 
florigen, suggests that florigen is a bicomponent com-
plementary system of flower hormones produced as a result 
of both autonomous and induced regulation mechanisms, 
therefore supporting the currently most-favoured theory of 
flower induction. 
Circumstantial evidence from in vitro work suggests that 
the floral stimulus is composed of several components with 
different functions. In SDP Perilla, isolated apices from 
vegetative plants cultured in non-inductive LD could be 
made to produce sterile cones, while in SD, fertile flowers 
were formed (Raghaven & Jacobs 1961), indicating the 
presence of at least two different components to the stimu-
lus. Similarly in Salix, cultured dormant buds produced 
sterile catkins, while non-dormant buds produced fertile 
flowers in the axils of the bracts (Angrish & Nanda 1982). 
Steffen et al. (1986) found that Bougainvillea reproductive 
meristems could be initiated under any condition, but 
florets were only formed in inductive conditions. It is now 
generally recognized that many of the substances involved 
in flowering may be acting on secondary growth processes 
after the work of the stimulus has been completed, and are 
probably produced as a result of the primary stimulus. 
Further evidence for a multi-component stimulus was 
provided by Fujioka et al. (1986a) using Lemna species. 
They found that extracts of flowering plants, after extensive 
purification, contained three fractions of flower-inducing 
activity. These authors conclude that flowering in Lemna is 
controlled by several factors, including nicotinic and 
benzoic acids. It is not understood how these substances 
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bring about flowering , as neither benzoic acid (Fujioka et 
al. 1983a) nor nicotinic acid (Fujioka et al. 1986a, b) vary in 
endogenous concentration in response to induction . It is 
possible that the effect may be pharmacological as several 
other substances are equally stimulatory. 
Also supporting multi-component systems is the work of 
Kannangara et al. (1986) who extracted and separated 
fractions from flowering Xanthium plants which exhibited 
promotive activity on the rate of development of primordia 
in induced plants. 
Scorza & Janick (1980) suggested that in the DNP Passif-
lora, the flowering stimulus may consist of a flower pro-
moter and/or an inhibitor and a cytokinin, the critical 
components of which seem to have a short life and are 
subject to dissipation as they are translocated through the 
plant. They concluded that the flower-induction compo-
nent of the stimulus in Passiflora is not synthesized in vitro 
despite the fact that small tissue explants were able to pro-
duce flowers. This is in agreement with the situation in 
DNP Nicotiana sp. (Aghion-Prat 1965b; Chourd & Aghion 
1961; Konstantinova et al. 1969). These results again sup-
port the distinction between induction and evocation. 
Two classical theories can be interpreted as supporting 
the multi-component model. Firstly, the antagonism that 
exists between flowering and rooting. Gaspar (1980) pro-
posed that this antagonism was due to a control mechanism 
where inverse variations of auxin and peroxidase enzyme 
are responsible for flowering and rooting. This antagonism 
was also found in in vitro-grown Kalanchoe (Dickens 1987), 
where reduced root mass was produced in inductive con-
ditions and where hormone-stimulated root growth inhibi-
ted flowering. Helianthus apices also failed to produce 
roots once flowers had been initiated (Paterson 1984). 
Flowering of Cichorium apices was inhibited by the pre-
sence of root tissue which was in close proximity to the api-
cal bud (Joseph et al. 1985). Shinozaki & Takimoto (1982b, 
1983) found that in Pharbitis seedlings grown in vitro, the 
induction by a variety of exogenous substances was always 
accompanied by a suppression of root elongation, although 
there was no effect on the root or shoot dry weight. The size 
of the culture vessel also influenced flowering, smaller 
vessels allowing for greater flowering in non-inductive 
conditions. This antagonism is widely appreciated but not 
understood although it suggests some relationship between 
the physiological control of the roots and the production of 
flowers. 
The second classical theory that supports multi-compo-
nent systems, is that a high CIN ratio can stimulate or even 
induce flowering. This will be examined in detail under the 
section on nutrients. It has recently been stressed that this 
theory is worthy of further investigation and has been 
wrongly neglected (Trewavas 1983). 
Naturally , no investigation of multi-component models 
would be complete without a detailed look at plant growth 
regulators . These ubiquitous compounds are known to 
affect flowering as well as a variety of other growth pheno-
mona, but the disturbing fact in all is their apparent lack of 
specificity. This implies that either the cell becomes sensi-
tive to them when required (Trewavas 1981), or that they 
are primarily involved in routine growth and development, 
but not in the actual initiation of flowering itself. Bernier & 
Kinet (1985) claim that there is sufficient information avail-
able indicating that plant growth regulators are primary 
controlling agents of flowering. This uncertainty is not 
likely to be resolved until there is more understanding 
about the mode of action of all hormones. 
Hormones in in vitro flowering 
Auxin 
Auxins have had a long and varied association with flowering 
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and in vitro are often considered an obligatory part of cul-
ture media, particularly if the explant is very small. 
Promotive Effects. There are not many reported cases 
where auxins are promotive of flowering in vitro. Pharbitis 
seedlings could be induced to flower in non-inductive 
conditions in vitro by the application of NAA, although this 
was always accompanied by a suppression of root elonga-
tion. Flower induction in this case was thought to be a 
consequence of root suppression (Shinozaki & Takimoto 
1983). Auxin stimulation of flowering was also found in 
Phlox callus derived from flower primordia (Konar & 
Konar 1966) and in Streptocarpus if applied with cytokinins 
(Rossini & Nitsch 1966). These results are contrary to the 
findings of Simmonds (1982) who found that IAA was 
strongly inhibitory of flowering in Streptocarpus. NAA was 
also found to promote bud development in Perilla and was 
essential in the medium (Tanimoto & Harada 1980). 
Possibly the most extensive work in this area is that of Tani-
moto & Harada (1981b, c) who found that in Torenia stem 
segments, IAA promoted the initiation and development 
of flower buds if applied early on in culture. It is important 
to note that the explants were taken from induced plants, 
and therefore auxin may simply have been supporting the 
expression of the flower buds. The level of endogenous 
IAA in the tissue was found to remain constant regardless 
of the physiological state of the explant, but became unde-
tectable after 2 weeks of culture (Tanimoto et al. 1985). 
Van den Ende et al. (1984b, c) found that in thin cell 
layers of Nicotiana, NAA inhibits the development of 
flowers early on, but becomes promotive later on in 
growth. This is also the situation in Cichorium (Paulet & 
Nitsch 1964; Margara & Touraud 1968). Such promotion is 
likely to be far removed from the floral stimulus and is 
merely a cell growth promotion. Van den Ende et al. 
(1984c) claimed that auxin in the medium affects the distri-
bution or polarity of buds on the explant of Nicotiana, while 
BA influences the number. The same conclusion with 
regard to auxin was made for Streptocarpus, where auxin 
probably influences the transport of substances within the 
plant (Simmonds 1985). 
Auxin seems to playa role in the formation of different 
sexes in in vitro flowers. In Cucumis, plantlets grown in 
vitro produced separate-sex flowers, while plantlets which 
received prior treatment with auxin and cytokinin, pro-
duced bisexual flowers (Rajasekaran et al. 1983). In the in 
vivo situation, auxin is known to promote female flowers, 
while gibberellin promotes male flowers (Galun 1959; 
Rudich et al. 1972). The difference in the results here is not 
understood. 
Inhibitory effects. Auxin is widely recognized as being an 
inhibitor of flowering in in vitro systems, although its pre-
sence in many media may be necessary for growth. Auxin 
was found to be inhibitory in the SDP Plumbago (Nitsch & 
Nitsch 1967b), Perilla (Chailakhyan et al. 1961; Raghaven 
1961); Chrysanthemum (Harada 1967); Streptocarpus 
(Simmonds 1982); Lemna (Fujioka et al. 1985, 1986b; 
Gupta & Maheshwari 1970). In the latter case inhibition is 
by counteracting the inductive effects of cytokinins e.g. 
Kalanchoe (Dickens 1987); Browallia (Ganapathy 1969) 
and Helianthus (Paterson 1984). Inhibition was also 
obtained in the LDP Cichorium (Paulet & Nisch 1964; 
Margara & Touraud 1968), Begonia (Ringe & Nitsch 1968), 
Lemna sp. (Fujioka et al. 1986a, b), as well as in DNP 
Nicotiana cultivars (Aghion-Prat 1965a, b; Hillson & La 
Motte 1977). Inhibition was also detected in cultures of Iris 
bulbs (Rodrigues Pereria 1965). 
In the SDP Pharbitis and Chrysanthemum, IAA retard-
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ed initiation and development of flower buds (Harada 
1967). In Perilla, IAA inhibited flowering in SD, but 
allowed for the growth of sterile cones which are also pro-
duced in LD XRaghaven 1961). This inhibition by auxin is 
specific and is not a general growth inhibition but seems to 
inhibit the development of sporogenous tissue and not the 
formation of the calyx and corolla. No auxin inhibition 
resulted if the explant had two pairs of leaves, possibly as 
these leaves served to produce the requirements for 
growth. The rate of flowering of Kalanchoe ex plants was 
also inhibited by NAA, while vegetative growth, in parti-
cular that of the roots, was stimulated (Dickens 1987). 
In the LDP Cichorium, auxin was inhibitory of flowering 
in the first 2 weeks (Margara & Touraud 1968; Paulet & 
Nitsch 1964). The former found auxin to be promotive dur-
ing flower morphogenesis, but not during the pre-induction 
phase, again suggesting the involvement of auxin in tissue 
growth. 
In DNP Nicotiana cultures, auxin is usually included in 
the medium (Tran Thanh Van et al. 1974) and is essential for 
flowering (van den Ende et al. 1984b), although according 
to Croes et al. (1985), increased auxin almost completely 
abolishes bud formation on older tissues. They also noted a 
strange situation where NAA strongly suppresses bud 
formation on internodes, but does not in flower stalk tissue, 
which is the tissue usually used in this type of culture. 
Aghion-Prat (1965b) found that this auxin inhibition could 
be partially overcome by cytokinins and that normal 
flowers could be produced in the absence of IAA. It was 
also determined that if the cytokinin level was kept constant 
but the IAA level was increased, this caused a reversion of 
buds from the flower to vegetative state (Wardell & Skoog 
1969a, b). Yet these authors also found that IAA is requir-
ed for the development of normal flowers. The apparent 
contradiction above may be as a result of using different 
explant sources or parent plants at different stages of the 
flowering process. 
In Nicotiana thin cell layers, IBA was important in bring-
ing about flowering in liquid cultures (Cousson & Tran 
Thanh Van 1981). Hillson & La Motte (1977) noted that 
IAA inhibited both flowering and vegetative bud forma-
tion if supplied with low kinetin levels , while at high kinetin 
levels, IAA inhibited bud formation but stimulated vege-
tative bud formation. This seems to be a more specific 
inhibition of flower induction, as IAA did not affect flower 
development. 
The inhibition of flowering in Nicotiana by IAA was 
reversed by RNA base analogues, which resulted in an 
increase in the number of flowers on stem segments 
(Wardell & Skoog 1969b). These base analogues also 
caused the production of flowers on stem segments lower 
down on the plant, thus removing the floral gradient origin-
ally identified in vitro by Chourd & Aghion (1961). This 
gradient was also disturbed by kinetin and auxin (Aghion-
Prat 1965b). Yet explants from vegetative plants could not 
be induced to flower by either of the above treatments, 
which suggests that they only affect the expression of 
flowering, but not the induction. Wardell & Skoog (1973) 
noted that the floral gradient was also reflected by DNA 
content and concluded that auxin is not the only substance 
causing the gradient. This is supported by Noma et al. 
(1984), who found no correlation between flower-forming 
ability and endogenous IAA levels in a different cultivar. 
The significance of this is that the small quantity of IAA in 
stem segments of Nicotiana cannot be used to explain the 
differing abilities of explants to flower. The only hint of a 
pattern of distribution was that the concentrations of free 
IAA and IAA-conjugates were highest in the first and 
second internodes, which do normally have the ability to 
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form flower buds, but this trend was not repeated in other 
tissues which also have this ability. 
Auxin may inhibit flowering by inducing RNA synthesis 
in a way that shifts protein synthesis in favour of vegetative 
growth and development rather than flowering (Wardell & 
Skoog 1969b). Analogues may work by inhibiting the 
synthesis or function of IAA-induced RNA. 
Endogenous IAA has been proposed to play some role in 
bud expression in vitro by directly suppressing the synthesis 
of rapidly renaturing DNA (Wardell 1975). Auxin is known 
to inhibit the synthesis of DNA and cell division (Seidlova 
& Khatoon 1976). Tissue capable of forming flowers is 
known to contain several-fold more DNA than tissue that 
only forms vegetative buds (Wardell & Skoog 1973). These 
authors also noted that incorporation of thymidine into the 
DNA of Nicotiana stem segments during DNA synthesis, is 
inhibited by the same levels of IAA that inhibit flowering of 
these segments. Young leaves attached to these segments 
have the same effect on DNA synthesis, possibly due to 
auxins produced in them. Wardell (1975, 1976, 1977) 
showed some qualitative differences between DNA ex-
tracted from the stems of flowering plants and that from 
vegetative plants. A purified DNA solution prepared from 
flowering plants could induce flowering in vegetative plants 
of the same cultivar. 
It was shown by Silberger & Skoog (1953) and Key 
(1964) that auxin-induced cell enlargement depends on the 
synthesis of RNA. Vanderhoef & Key (1968) also indicated 
that \<inetin inhibits cell elongation and RNA synthesis. 
From this information, it is evident that increased cell 
enlargement and RNA synthesis in response to higher IAA 
levels, are closely related to the inhibition of flowering or 
the maintenance of vegetative growth. Kinetin counteracts 
IAA-inhibited flowering possibly by inhibiting cell elonga-
tion and RNA synthesis. The situation in Kalanchoe seems 
contrary to this, as flowering is usually accompanied by cell 
expansion and an increase in leaf succulence (Gummer 
1949; Harder 1948; Schwabe 1958) which suggests higher 
auxin levels although this has not been investigated. The 
accumulation and disappearance of starch in cells has been 
observed in regions of callus where vegetative and floral 
buds are differentiating (Sadik & Ozburn 1967; Thorpe & 
Murashige 1970). Auxin may be involved here, as IAA has 
been shown to reduce starch accumulation in Nicotiana 
callus, while kinetin enhances it (Tetley & Ikuma 1970). 
The latter authors noted that there is a complex interrela-
tionship between starch metabolism and hormone-induced 
growth. IAA also inhibited cytokinin-induced flowering in 
the SDP Lemna aequinoctialis (Gupta & Maheshwari 
1970). The above information indicates that a possible 
regulation mechanism of the flowering process may be the 
balance between auxin and cytokinin. 
Gaspar et al. (1985) noted a temporary peak of auxin, 
associated with an inverse variation of basic peroxidase 
activity, which co-ordinates the beginning of flower devel-
opment, but follows after low auxin levels associated with 
flower induction. As discussed earlier, auxin application 
during induction tends to inhibit flowering, while applica-
tion during the initiation of buds tends to support growth. 
This is supported by Nicotiana thin cell layers, which have 
low peroxidase activity in the flower-forming upper 
regions, but higher levels in the basal regions (Thorpe et al. 
1978). There was also an increase in peroxidase in explants 
as floral bud differentiation began. Gaspar et al. (1985) 
went on to explain the antagonism existing between flower-
ing and rooting as being due to opposite requirements for 
auxin and peroxidase for the initiation of these organs. 
In their examination of auxin action on flowering, Tani-
moto & Harada (1981b) concluded that IAA suppresses 
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flowering if vegetative tissue explants are used, but stimul-
ates flowering if explants are derived from flower inflores-
cence tissue. Similar conclusions were made by Croes et al. 
(1985). Again this supports the idea that auxin promotes 
differentiation of flower buds, but inhibits the induction 
and/or evocation, possibly due to its inhibition of DNA 
synthesis. It therefore seems unlikely that auxins form part 
of the floral stimulus, a conclusion also made by Gaspar et 
al. (1985). 
Cytokinins 
Promotive effects. Many of the media used for in vitro 
flowering experiments have contained cytokinins as a 
constituent. In many of these systems, cytokinins were 
found to be essential and were able to increase the flower-
ing response. 
Those systems where cytokinins were necessary inclus-
ions in the medium in order to bring about the growth 
response, included the SDP's Plumbago (Nitsch & Nitsch 
1967a, b), Streptocarpus (Rossini & Nitsch 1966) and Tore-
nia (Bajaj 1972; Chlyah 1973a, b) although in the latter, 
Tanimoto & Harada (1981b, c) found that cytokinins were 
not necessary if explants were taken from the basal parts of 
old flowering plants. Cytokinins were also necessary in 
Begonia (Ringe & Nitsch 1968), Arabidopsis (Nitsch 1972), 
and in the DNP Nicotiana cultivars (Cousson & Tran Thanh 
Van 1981; Tran Thanh Van et al. 1973a; van den Ende et al. 
1984b; Wardell & Skoog 1969a). 
In some situations, cytokinins were able to induce flower 
bud formation in non-inductive conditions, such as in 
explants of the SDP's Perilla (Chailakhyan & Butenko 
1959; Chailakhyan et al. 1961; Tanimoto & Harada 1980), 
Plumbago in conjunction with adenine (Nitsch & Nitsch 
1967b), Browallia (Ganapathy 1969), Lemna aequinoctialis 
especially in conjunction with dicoumarol, 4-
hydroxycoumarin or benzoic acid (Fujioka et al. 1983b, 
1986b; Gupta & Maheshwari 1970; Kaihara & Takimoto 
1985b) and in Wolffia (Krajncic 1983; Venkataraman et al. 
1970). Bud initiation was also achieved in Begonia sp. 
(Ringe & Nitsch 1968), and in the DNP Passiflora (Scorza 
& Janick 1980) where BA was the most effective. Induction 
was also achieved in Vitis tendrils cultured in vitro (Sriniv-
asan & Mullins 1978). 
Cytokinins were promotive of flowering in the SDP's 
Streptocarpus (Simmonds 1982), Lemna aequinoctialis 
(Bennink & de Vries 1975), where cytokinins also pro-
moted nicotinic acid-induced flowering (Fujioka et al. 
1986b), in the LDP Lemna gibba if combined with salicylic 
acid (Pieterse & Muller 1977), although cytokinins were 
inhibitory in photo-induced plants and promoted vegetat-
ive growth (Oota 1965), and in the DNP Nicotiana (Tran 
Thanh Van et al. 1974). Promotion was also obtained in 
Mazus (Raste & Ganapathy 1970) and in the determinate 
plant Helianthus (Paterson 1984). No effect was found in 
Pharbitis or Chrysanthemum (Harada 1967), or in Phlox 
(Konar & Konar 1966). 
Inhibitory effects. Inhibition of in vitro flowering by cyto-
kinins has been detected in cultures of Scrofularia (Miginiac 
1972), Kalanchoe (Dickens 1987), although this was accom-
panied by vegetative inhibition, and in the SDP Torenia 
(Tanimoto & Harada 1981b), although slight promotion 
was obtained early on in culture. Inhibition of nicotinic and 
benzoic acid-induced flowering was also obtained in the 
LDP Lemna gibba but not in the SDP Lemna aequinoc-
tialis (Fujioka et al. 1985, 1986b). 
In the DNP Nicotiana cultivars, somewhat contradictory 
results have been reported, possibly due to the use of diffe-
rent explants taken from plants at different physiological 
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stages. Kinetin inhibited flower bud formation and deve-
lopment of Nicotiana irrespective of the accompanying 
auxin concentration, although vegetative bud formation 
was stimulated (Hillson & La Motte 1977). Kinetin was also 
found to cause IAA inhibition of flower and vegetative bud 
formation if supplied at low concentrations. If kinetin was 
supplied at high concentrations, flowering was inhibited, 
but vegetative bud formation was stimulated. Aghion-Prat 
(1965a) found that low levels of kinetin could partially 
overcome IAA inhibition. Wardell & Skoog (1969a, b) 
found that at constant low kinetin levels, increasing auxin 
levels cause a change in the buds from a flowering to a 
vegetative state. Wardell & Skoog (1969a) noted that 
cytokinins increased the number of vegetative buds, but 
had no effect on the number of flowers. High concentra-
tions of kinetin caused branching of the flower shoots to 
form clusters. Also in Nicotiana, cytokinins induced a grea-
ter number of vegetative buds, but inhibited flowering and 
root formation (Tran Thanh Van et al. 1974). Hillson & La 
Motte (1977) noted that while flower buds increased in 
number in the presence of high kinetin and high auxin 
concentrations, vegetative buds increased in number to an 
even greater extent. This may be due to a stimulation of 
vegetative growth and consequent inhibition of flower 
expression, which supports the conclusions of Wittwer & 
Aung (1969), who found that kinetin inhibits flowering in 
whole Lycopersicon plants, but stimulates vegetative 
growth. Similarly, in Scrofularia, kinetin inhibits flower 
buds in vitro, but stimulates vegetative buds (Miginiac 
1972). The initiation of flowering in Wolffia, by the addi-
tion of cytokinins, was also accompanied by a stimulation 
of leaf growth (Khurana et al. 1986). 
The mode of action of cytokinins. From the above informa-
tion it can be seen that cytokinins have the ability to stimu-
late flowering in a variety of plants, but tend to be more 
supportive of vegetative growth. In some cases, cytokinins 
induce bud formation, and in others, are promotive of 
growth and development, yet they could also be inhibitory 
of flowering. 
Negretskii et al. (1984) have shown that high endogenous 
cytokinin levels in Nicotiana are associated with the upper 
regions of the plant, a trend which is reversed by stem gird-
ling which also reverses the flowering gradient. This trend 
implies that endogenous cytokinins are stimulatory of 
flowering if indeed they play any role at all. During cold 
flower induction of Cichorium root explants, the endoge-
nous levels of zeatin riboside and dicafeylquinic acid 
increased significantly. The exogenous application of 
zeatin or iso-pentenyladenine increased the levels of 
dicafeylquinic acid and chlorogenic acid. The endogenous 
levels of both of these substances were decreased by IAA 
application which was inhibitory to flowering (Mialoun-
dama & Paulet 1975a, b; Paulet 1979). 
Adenine has been suggested as a precursor of cytokinin 
biosynthesis (Chen et al. 1985; Peterson & Miller 1976). 
Adenine has also been shown to be essential for the produc-
tion of anthocyanins in the petals of in vitro-grown 
Plumbago and could not be replaced by cytokinins (Nitsch 
& Nitsch 1967b). Indeed, cytokinins had a depressing effect 
on anthocyanin synthesis which could be reversed by ade-
nine. This antagonism between adenine and kinetin pro-
vides possible circumstantial evidence that the role of ade-
nine in flower development is not through its incorporation 
into cytokinins, and indeed, the possible role of adenine 
in cytokinin biosynthesis is far from clear (Dickens & van 
Staden 1987; van Staden & Forsyth 1984). 
In Browallia, cytokinins and adenine promote flower bud 
development but not bud initiation (Ganapathy 1969). In 
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Begonia leaf fragments, cytokinins could not induce bud 
formation alone, while adenine and auxin were necessary 
inclusions (Ringe & Nitsch 1968). Adenine was an essential 
component, while cytokinins were only slightly promotive 
of flower bud formation. It is possible that adenine plays a 
dual role as the precursor needed for the synthesis of the 
necessary cytokinins and also as the purine needed for nu-
cleic acid metabolism, and in this way is more beneficial 
than cytokinin alone. The synergistic relationship between 
adenine and cytokinin has been extensively studied (Nitsch 
& Nitsch 1967a, b; Nitsch et al. 1967; Skoog & Miller 1957) 
but is not fully understood in relation to flowering. 
Bernier et al. (1974), found that in the apex of Sina-
pis there is an increase in mitotic activity during flower 
evocation, with a concomitant rise in protein, RNA and 
DNA synthesis. This is supported by other works and takes 
place possibly as a result of cytokinins (Brulfert et al. 1975; 
Jacqmard et al. 1972, 1976; Seidlova 1974; Seidlova & 
Culafic 1982). Adenine may initiate or promote flowering, 
possibly by promoting RNA synthesis at the apex, or by 
supporting an increase in adenine-nucleotides (Bodson 
1985). 
Cytokinins have been shown to stimulate the formation 
of meristematic zones and bud formation in Torenia stem 
segments (Tanimoto & Harada 1982b), a proportional 
relationship existing for both phenomena. These results 
bear a close resemblance to the situation of flower induc-
tion in Nicotiana epidermal layers (van den Ende et al. 
1984b). It is thus possible that the prime role of cytokinins 
in flowering is the development of meristematic regions, 
but how this relates to the different processes of induction, 
evocation and differentiation is not clear. There does seem 
to be a relationship between the accumulation of starch in 
the regions where buds differentiate in callus (Sadik & Oz-
burn 1967; Thorpe & Murashige 1970), and the occurrence 
of cytokinin, which is known to enhance starch accumula-
tion (Tetley & Ikuma 1970). 
According to Tanimoto & Harada (1986), in Torenia 
stem segments, cytokinin was responsible for inducing the 
meristematic divisions in the epidermis to form buds. Simi-
lar bud formation was also induced by the calcium iono-
phore A23187. This induction was inhibited by auxin, but 
not by anti-cytokinins. Bud initiation by A23187 and cyto-
kin ins was effectively inhibited by the total elimination of 
calcium from the medium. Various manipulations of 
calcium metabolism led the authors to conclude that cyto-
kinin-induced bud initiation in Torenia could be partially 
mediated by an increase in the level of intracellular calcium 
ions. 
In Salix, kinetin was essential in the medium but only to 
promote the sprouting of the ready-formed buds. Only 
buds taken from trees where bud break was beginning 
could produce flowers, irrespective of the hormones used 
(Angrish & Nanda 1982). 
The above work indicates that although cytokinins are 
involved in flowering, their role and mode of action are far 
from clear. It seems possible that cytokinin action is direc-
ted at nucleic acid metabolism and gene activity (Zenk 
1970), or at the transcription and/or translation level, but is 
unlikely to be at the level of enzyme activation (Schopfer 
1977). 
It has been suggested that although cytokinins do appear 
to be involved in flower induction and evocation, several 
other substances are also involved (Bernier et al. 1981b; 
Scorza & Janick 1980). The former authors concluded that 
the role of cytokinins in evocation may be to control early 
mitotic activity and associated cell synchronization, split-
ting of vacuoles, precocious initiation of axillary meri-
stems and increased rate of appendage production by the 
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meristems. Sachs (1977) suggested that cytokinins could be 
involved in nutrient mobilization towards the apex which 
has been induced to flower. Whatever the role of the cyto-
kinins, it is certain that they do play an important role in 
flowering, although it is not clear at what physiological 
stage. 
Gibberellins 
Gibberellins have been the most successful of the 
hormones in the induction of flowering in cold-requiring 
plants and rosette LDP's grown in vivo. According to 
Bernier et al. (1981b) they earn the distinction of being the 
most potent florigenic compounds, although these authors 
do recognize that an excessive number of plants cannot be 
induced by these compounds. Zeevaart & Lang (1962) 
went as far as saying that gibberellins are the physiological 
precursors of florigen. Chailakhyan & Lozhnikova (1985) 
recently supported the concept of the flowering stimulus 
being composed of gibberellins and anthesins. Yet despite 
their wide acclaim, this group of compounds has been 
neglected in in vitro investigations. A few workers have 
utilized them in their media, but seldom with startling 
results. Indeed, there seems to be little similarity between 
the situations in vitro and in vivo. No detailed study exists 
where gibberellin stimulation in vivo has been extended to 
the in vitro situation. 
Gibberellins were included in the culture of Manihot 
(Tang et al. 1983), Mazus (Raste & Ganapathy 1970), 
Salix, (Blake 1969, 1972), Spinacea (Culafic & Neskovic 
1980; Culafic et al. 1982), Rudbeckia (Tanimoto & Harada 
1982a) and Thuja (Ritchie et al. 1986). 
Promotive effects. Rudbeckia stem and leaf explants taken 
from flowering plants would only flower in vitro in the pre-
sence of gibberellin (Tanimoto & Harada 1982a). Explants 
taken from vegetative plants did not flower under any 
conditions, suggesting that only the expression of the 
flower stimulus is being affected here. The development of 
the calyx and corolla of Silene (= Viscaria) , and the produc-
tion of pollen were all promoted by gibberellic acid (Blake 
1969), which again suggests the involvement in the deve-
lopment of the flowers but not in the induction. Gibberellic 
acid in combination with BA supported direct flowering 
and the production of fertile pollen on embryoids of Panax 
(Chang & Hsing 1980). Gibberellic acid also hastened 
flowering in stem tips of Chenopodium that had cotyledons 
attached, but was ineffectual when no cotyledons were 
present (De Fossard 1972). This suggested the involvement 
of the cotyledons, where it is possible that gibberellin 
catalysed the release of some substance/s necessary for 
flowering. 
According to Tanimoto & Harada (1981b), gibberellins 
have an indirect action on flowering in the SDP Torenia, 
stimulating at low concentrations but inhibiting at higher 
concentrations. Gibberellins also promoted the flowering 
of Cichorium explants taken from vernalized plants (Paulet 
& Nitsch 1964). In the SDP Pharbitis, gibberellic acid 
inhibited the initiation and development of flowers in 
inductive conditions (Harada 1967). Gibberellic acid had 
no effect on the flowering of Kalanchoe explants, but stimu-
lated both the succulence of the leaves and the elongation 
of the stem and peduncle (Dickens 1987). This suggests that 
these growth phenomena are not related to flowering. 
In Cucumis there appears to be a relationship existing 
between auxins and gibberellins, where auxin promotes the 
development of female flowers, while gibberellin promotes 
male flowers in vivo (Rudich et al. 1972). In vitro, plantlets 
which had received prior treatment with auxin and cyto-
kinin produced both sexes separately, gibberellin not being 
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necessary for either (Rajasekaran et al. 1983). This implies 
some change in the requirements for gibberellin in in vitro 
culture, possible through an altered biosynthesis of 
endogenous gibberellins. Stem tips of LDP Spinada could 
be induced to flower in vitro by LD, or by SD together with 
gibberellic acid (Culafic & Neskovic 1980). Gibberellic acid 
also increased LD flowering and increased the percentage 
of female plants. 
Gibberellins were essential for the differentiation of 
cones on vegetative shoots of Thuja (Ritchie et al. 1986). 
The involvement of gibberellin in the determinate apex of 
Helianthus was questioned as GA inhibitors CCC and 
ancymidol applied in vitro had no effect on flowering, which 
took place despite their presence. Vegetative growth was 
inhibited substantially (Paterson 1984). 
In Lemna gibba, gibberellic acid promoted flowering 
slightly under sub-optimal photoperiodic conditions, but 
inhibited flowering under inductive LD (Oota 1965). 
Gibberellic acid also partially reversed CCC inhibition of 
photoperiodically induced flowering (Cleland & Briggs 
1969). Other interactions have also been detected in Lemna 
aequinoctialis where gibberellic acid and IAA nullified the 
inductive effects of cytokinin (Gupta & Maheshwari 1970). 
Gibberellic acid also inhibits benzoic acid (Fujioka et al. 
1983b) and nicotinic acid induction (Fujioka et al. 1986b). 
The stimulatory effects of extracts from Xanthium applied 
to Lemna aequinoctialis 6746 were reversed by the addition 
of gibberellic acid to the system (Hodson & Hamner 1970). 
Yet gibberellic acid was necessary in conjunction with 
Xanthium extract to bring about flowering of vegetative 
Xanthium plants. That there is possibly some endogenous 
contribution made by gibberellin is supported by the work 
of Tsao et al. (1985), where it was found that in Lemna 
aequinoctialis 6746, the levels of endogenous gibberellins 
decreased during SD induction while ABA levels 
increased. 
Inhibitory effects. Gibberellins have been found to be 
inhibitory of flowering in several plants including 
Plumbago (Nitsch & Nitsch 1967b), Streptocarpus (Ros§ini 
& Nitsch 1966), Torenia at higher concentrations 
(Tanimoto & Harada 1981b), in Mazus where flowering 
was delayed by 2 weeks, and was accompanied by stem 
elongation (Raste & Ganapathy 1970), Browallia (Gana-
pathy 1969), Lemna gibba and L. aequinoctialis (Cleland & 
Briggs 1969; Fujioka et al. 1985, 1986a, b) , and in Pharbitis 
and Chrysanthemum (Choshi 1979, 1980; Harada 1967). 
In Nicotiana, gibberellic acid completely inhibited 
flowering of stem segments, although application after ini-
tial formation promoted the elongation of the flowers 
(Aghion-Prat 1965a; Wardell & Skoog 1969a). The latter 
authors also found that this inhibition could not be reversed 
by the application of base analogues, as could IAA inhibi-
tion of flowering. Gibberellin also reduced starch accumul-
ation in Nicotiana in a similar manner to auxin (Tetley & 
Ikuma 1970). As kinetin caused an increase in starch 
accumulation and also results in bud differentiation, gibbe-
rellin may be working to inhibit bud differentiation in a way 
that is somehow linked to a decrease in starch. 
Vegetative bud formation on SDP Plumbago explants 
was inhibited by gibberellin or by LD (Nitsch & Nitsch 
1967a, b), while in SD conditions, gibberellin and auxin 
inhibited flower bud production. 
In callus of Phlox, gibberellin was promotive of rooting at 
low concentrations but inhibitory at high concentrations 
while the best flowering was obtained with IAA and 
coconut milk (Konar & Konar 1966). As rooting and 
flowering are antagonistic (Gaspar 1980), it is possible that 
flowering is associated with high endogenous levels of 
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gibberellin, resulting in poor root formation. 
Cultured apical buds of Iris flowered in the presence of 
gibberellic acid or with the diffusate from scales from large 
bulbs. No flowering in apices from immature bulbs occur-
red, showing their intrinsic juvenility (Doss & Christian 
1979). Rodrigues-Pereira (1965) found that gibberellin did 
not mimic the effect of diffusate. 
Bernier et al. (1981b) suggested that gibberellin action 
takes place at the shoot apex and results in the stimulation 
of mitotic activity in sub-apical tissue leading to the bolting 
of the stem, an action which is not directly related to 
flowering. 
There is an obvious void of information about the role of 
gibberellins in the flowering of cultured plants, a situation 
which urgently needs to be rectified. 
Inhibitors 
Despite the fact that inhibitors have been implicated as 
playing an important role in the regulation of reproductive 
growth, little work has been done on their action in vitro. 
Of the known inhibitors, ABA has attracted most attention 
in this regard, but little can be concluded from the informa-
tion gained. This is unfortunate since ABA is known to be 
partially instrumental in the creation of sinks, in particular 
in developing seeds (Ackerson 1984). 
ABA applied to in vitro systems has initiated flowering of 
vegetative stem segments on young stem explants of the 
SDP Torenia (Tanimoto & Harada 1981b; Tanimoto et al. 
1985), but was inhibitory if applied to the apical regions of 
flowering plants. Stimulation of flowering also occurred in 
Pharbitis (Harada et al. 1971), but the primary effect 
seemed to be due to the suppression of root elongation 
(Shinozaki & Takimoto 1983). Initiation was also obtained 
in the SDP Lemna aequinoctialis 6746 (Higman & Smith 
1969) but was inhibitory in LDP Lemna (Kandeler 1984). 
Flower promotion by ABA, but not initiation, was also de-
tected in the SDP Plumbago (Nitsch & Nitsch 1967b) grown 
under inductive conditions, and in Perilla (Purse 1984), 
possibly as a result of the suppression of vegetative growth, 
a phenomenon which occurs naturally in many plants at the 
onset of flower initiation. Promotion by ABA was also 
obtained in Chenopodium (Krekule & Kohli 1981; Seidlova 
et al. 1981). De Fossard (1972, 1973) noted that cotyledons 
on excised shoot tips of induced seedlings of Chenopodium, 
delayed epicotyl development and flowering, although this 
is overcome by gibberellic acid. Shoot tips detached from 
the cotyledons, were similarly delayed or inhibited by ABA 
and CCC but were not affected by gibberellic acid. De 
Fossard suggested that this inhibition may be due to the 
inhibition of leaf development which in turn affects flower-
ing. The number of flowers produced by Kalanchoe 
explants grown under LD conditions was significantly 
increased by ABA at a concentration that did not affect 
vegetative growth (Dickens 1987). 
Tanimoto et al. (1985) noted the existence of a flower 
gradient in Torenia plants, with the greatest flowering 
response occurring at the second internode. The distribu-
tion of endogenous ABA exhibited a similar pattern to this, 
with a decrease in concentration towards the base and a 
peak at internode two. Explants taken from old plants 
flowered poorly and were inhibited by exogenous ABA 
application, while ABA was promotive in younger plants. 
These old explants also contained high levels of endoge-
nous ABA, which was further increased by exogenous ap-
plication to become inhibitory, probably due to supra-
optimal levels. The optimum endogenous levels of ABA 
required to regulate flower formation was between 16 and 
20 ng g -\ fresh weight, which could be achieved by exoge-
nous application. ABA was most inductive of flowering if 
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applied to explants from vegetative plants, and in this way 
acted in the opposite way to auxins where stimulation was 
achieved in older reproductive explants (Tanimoto & 
Harada 1981b). The endogenous levels of IAA did not ref-
lect the flower gradient in any way. 
In Lemna aequinoctialis 6746, an increase in endogenous 
ABA with a concurrent decrease in gibberellin occurred 
during SD induction (Tsao et al. 1985). Fujioka et al. (1985, 
1986b) and Gupta & Maheshwari (1970) noted that exoge-
nously applied ABA was inhibitory to the same plant. 
ABA has been implicated as a long-day canceller in Lemna 
(Kandeler 1984), where ABA as well as a few other subst-
ances cancel the effect of LD on both SD P and LD P Lemna 
species. Kandeler & Hugel (1973) succeeded in obtaining 
flower induction in the SDP Lemna aequinoctialis 6746 with 
ABA, but only if accompanied by high light intensities, sucrose 
and a growth retardant. Lower concentrations inhibited 
flowering but not vegetative growth. ABA was inhibitory of 
flowering in Wolffia (Venkataraman et al. 1970). 
As was discussed earlier in this review, much evidence 
exists to support the existence of an inhibitor of flowering in 
plants, although little evidence exists to place ABA in this 
role. In Perilla, an inhibitor of flowering is produced by 
young leaves (Raghaven & Jacobs 1961), yet applied ABA 
was slightly stimulatory of flowering, as was the case in 
Kalanchoe (Dickens 1987). Any specific flower inhibitor 
should ideally be inhibitory of flowering, but not of other 
growth processes, although some unlikely contenders fit this 
description such as ammonium and nitrate radicles which are 
inhibitory of flowering in Lemna (Kandeler 1984). 
Some proof of the existence of inhibitors of flowering has 
been obtained by in vitro techniques such as the presence of 
inhibitors in vegetative Kalanchoe extracts applied to par-
ti~lly induced Silene (= Viscaria) explants (Blake 1972). 
DIckens (1987) attempted to obtain flower inhibition with 
gallic acid using Kalanchoe nodal explants, but the results 
indicated that this substance inhibited both flowering and 
vegetative growth equally at high concentrations, and had 
no effect at low concentrations. This was contrary to the 
suggestions of Pryce (1972). 
It is apparent that investigations of ABA and flowering 
have been neglected. There are indications that ABA may 
be involved in the regulation of flowering, in particular in 
SDP, in a way that may be related to the inhibition of vege-
tative growth. Work is urgently needed in this field. 
Ethylene 
Little work has been done on ethylene and flowering in 
vitro. According to Nitsch (1972), flowering of Plumbago 
was induced by ethylene and its precursor methionine. 
Flowering was also stimulated in in vivo Plumbago in non-
!nd~~tive LD. In Helianthus apices, ACC and the ethylene 
InhIbItor A VG both had no effect on flowering (Paterson 
1984) possibly due to the determinate nature of the apex. In 
Chenopodium (De Fossard 1973) and in Pharbitis (Shino-
zaki & Takimoto 1983) ethrel was totally inhibitory of 
flowering. In Kalanchoe, explants which failed to flower in 
inductive SD due to being in air-tight containers had a 
slightly higher ethylene content in their atmosphere than 
did explants flowering in containers which allowed gaseous 
exchange (Dickens 1987). 
The role of ethylene in flowering needs to be examined, 
especially in view of the interactions which occur between 
this substance and other hormones, in particular auxins. 
Other substances 
Phenolics 
Numerous substances besides the recognized plant growth 
regulators have been found to affect flowering in vitro. The 
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most significant group of these substances are the benzoic 
acid derivatives, which have been fairly extensively resear-
ched since it was recognized that salicylic acid may promote 
flowering. Much of the initial work was done by Cleland 
(1974) and Cleland & Ajami (1974), on the role of salicylic 
acid extracted from aphid honeydew obtained from 
Xanthium plants, which had inductive properties if applied 
to Lemna gibba G3. These results were confused by the 
later findings that the endogenous levels did not fluctuate in 
response to the photoinductive cycles. Cleland & Kang 
(1985) also noted that in Lemna gibba, salicylic and benzoic 
acids could reverse the inhibition of flowering caused by a 
lack of ammonium in the medium. Conversely, gibberellic 
acid, IAA or ABA inhibited benzoic acid-induced flower-
ing in Lemna aequinoctialis 151 and 381, while zeatin 
supported flowering (Fujioka etal. 1983b). BA also enhan-
ced flowering induced by EDDHA or salicylic acid in 
Lemna gibba, but was ineffective on its own (Pieterse & 
Muller 1977). 
Generally in Lemna, benzoic acid (Fujioka et al. 1985) 
and salicylic acid induce flowering (Tanaka et al. 1979; Cle-
land 1982, 1985). In Leman gibba G3 though, the endoge-
nous levels of benzoic acid did not vary with changing 
daylength (Fujioka et al. 1983a), as was the case , with 
salicylic acid reported above. These authors concluded that 
benzoic acid cannot be the primary factor controlling 
flowering, but as it does occur in significant quantities in the 
plant and can induce flowering, there is the possibility that 
benzoic acid may interact with other factors to influence 
flowering. Tannic acid has been shown to be more effective 
than salicylic acid at inducing flowering in Lemna aequino-
ctialis 6746, as it completely overrides the plant's photosyn-
thetic sensitivity (Khurana & Maheshwari 1986). It also 
overrides any influence of nutrient concentrations, which 
do affect salicylic acid-induced induction. 
Nicotinic acid has been extensively researched in Lemna, 
where it has powerful flower-induction properties (Fujioka 
et al. 1986b). This action is strongly daylength dependant, 
varying according to the response type of plant, yet the 
endogenous levels do not fluctuate according to daylength, 
which raises the possibility that other substances work in 
conjunction with them. Similar conclusions were made for 
salicylic and benzoic acids discussed above. Some relation-
ship does exist between these substances and plant hor-
mones, as IAA, gibberellic acid, ABA and zeatin all in-
hibited nicotinic acid-induced flowering in L. gibba, 
although zeatin supported this flowering in L. aequinoc-
tialis (Fujioka et al. 1986b). The vitamin K antagonists 
dicourmarol and 4-hydroxycoumarin both induced flower-
ing in L. aequinoctialis in a similar way to benzoic acid, as 
their action was also supported by BA and was daylength 
dependent (Kaihara & Takimoto 1985b). 
Several other phenolics and related compounds have 
also succeeded in stimulating flowering in Lemna and are 
listed by Kaihara & Takimoto (1985b) . Phenolics have also 
induced flowering in Wolffia (Khurana & Maheshwari 
1983; Khurana et al. 1986) . 
The phenolic f3-coumaric acid was also stimulatory of 
both vegetative and flower bud differentiation in in vitro-
grown cultures of Cichorium (Paulet & Nitsch 1964) . Cold 
was necessary for flowering, during which the endoge-
nous levels of zeatin riboside and dicafeylquinic acid in 
the roots increased significantly (Mialoundama & Paulet 
1975b; Paulet 1979). Badila & Paulet (1986) found that in 
Cichorium, the endogenous levels of hydroxycinnamic acid 
ester (especially chI orogenic acid) increased during floral 
induction, reaching a maximum level simultaneously with the 
maximum level of floral induction. Thereafter there was a 
rapid decrease. This occurred during induction by LD and also 
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during induction by 9 h of white light with 15 h of red light. The 
authors thus concluded that this increase in the phenolic was 
not due to increased photosynthetic activity. 
Various phenolics including gallic acid, nicotinic acid and 
tannic acid; applied to Kalanchoe plants grown in vitro 
under inductive or non-inductive conditions, were all 
markedly inhibitory of both vegetative and flowering 
growth at levels between 10 mM and 1,0 JLM (Dickens 
1987), and thus did not copy the effects obtained with 
Lemna species as reported above. 
The involvement of the anthocyanins in flowering is not 
understood. Nitsch (1972) hypothesized that floral metabo-
lism leads to the formation of organs rich in anthocyanins 
and possibly other phenolics, requesting a higher activity 
along the pentose pathway. In Kalanchoe, an increase in 
the levels of anthocyanin has traditionally been associated 
with the onset of flowering (Neyland et al. 1963), although 
Dickens (1987) provided evidence to suggest that the two 
were not interdependent. 
An increasing variety of substances are being found with 
florigenic activity, although it is unlikely that any of those 
noted so far is florigen. These substances could neverthe-
less be part of a multi-component stimulus, although there 
is also a distinct possibility that their effect is purely phar-
macological. 
Mineral nutrients 
Most investigations of in vitro flowering have made use of 
the culture medium developed by Murashige & Skoog 
(1962) . This medium has a fairly high nutrient concentra-
tion , including a high level of NH4N03 . It is not known 
whether this has been detrimental to the general investiga-
tion of the flowering process, as intensive investigations of 
the effects of these nutrients are seldom made. The investi-
gations of Tanimoto & Harada (1981a, b) have indicated 
that with the correct nutrient composition , flowering can be 
brought about in small vegetative explants without the aid 
of plant hormones. They found that the dilution of the 
mineral salts of the Murashige & Skoog (1962) medium to 
one fifth of the recommended concentration enhanced 
adventitious bud formation and development, and in so 
doing enhanced flower bud formation but did not influence 
the ratio of flowering to vegetative buds. Sucrose was also 
promotive of flowering but the addition of the other recom-
mended organic components of the Murashige & Skoog 
(1962) medium stimulated callus proliferation and vegeta-
tive bud initiation, but inhibited shoot development and 
flower bud differentiation . Similar work was also done by 
Wad a & Totsuka (1982) who found that low nitrogen, high 
carbohydrate and high light intensities would induce 
flowering in seedlings of Perilla cultured on dilute low nu-
trient White's medium. 
Chlyah (1973a, b) had previously cultured leaf and stem 
fragments of Torenia on Hoagland's nutrient medium and 
achieved a high rate of flower bud formation without the 
use of auxin or cytokinin. Both of the above investigations 
found that low salts and the absence of NH4N03 were 
supportive of flowering in vitro. The medium developed by 
Tanimoto & Harada (1981a, b) was subsequently used 
successfully by Dickens & van Staden (1985) in the culture 
of Glycine nodal explants and in the culture of Kalanchoe 
(Dickens 1987) both of which flowered successfully in vitro 
in response to photoperiodic induction. The medium of 
Murashige & Skoog (1%2) was totally inhibitory of flowering 
in Kalanchoe, probably due to the high salt concentrations. 
NH4N03 was not in itself inhibitory of flowering (Dickens 
1987). 
Baran Jha et al. (1983) also employed a low salt medium 
to stimulate flowering of hypocotyl and leaf explants of 
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Cuminium, as did Simmonds (1982) with explants of Strep-
tocarpus. Diomaiuto-Bonnard (1974) found that Nicotiana 
glutinosa flowered in LD if provided with a plentiful supply 
of nutrients, but became a quantitative SDP in low nutrient 
levels.In Helianthus, the presence of the cotyledons on the 
explant and the composition of the medium had no effect 
on flowering, probably as the apex of this plant is determi-
nated to flower (Paterson 1984). It appears that there may 
be some difference between this example and that of 
Torenia, as in Torenia, flowering is best obtained on 
explants derived from flowering plants which have been in-
duced and are thus also committed to flower. This commit-
ment to flower may be under a different control mechanism 
in the two examples. In the case of Xanthium, (Jacobs & 
Suthers 1974), the cotyledons were present on the explant, 
and apparently influenced flowering only by contributing 
nutrients for growth. These authors had earlier (Jacobs & 
Suthers 1971) claimed that the cotyledons of Xanthium are 
sensitive to daylength. It is possible that in the earlier work, 
the authors did not take into account the photosensitivity of 
leaf primordia which develop rapidly after excission. 
Jennings & Zuck (1955) had earlier shown that Xanthium 
cotyledons were not sensitive to daylength and could not 
induce flowering. 
Various salts and ions have been investigated and found 
to influence flowering in vitro. In Nicotiana, CoCl2 was 
inhibitory of flowering of stem segments and was elimina-
ted from the medium (Wardell & Skoog 1969b). Calcium is 
an important component of the nutrient medium used for 
Torenia culture (Tanimoto & Harada 1986) and supports 
cell division and subsequent bud formation. The elimina-
tion of calcium from the medium inhibited cytokinin and 
calcium ionophore A23187-induced cell division and bud 
formation. This trend supported the idea that such induc-
tion of division may be partially mediated by increases in 
the level of intracellular calcium ions. 
In Lemna aequinoctiales, 8-hydroxyquinoline caused a 
massive increase in the endogenous levels of iron and 
copper and yet induced flowering in non-inductive day len-
gtlis (Khurana & Maheshwari 1984), thus indicating that 
copper is not detrimental to flowering as has been 
supposed. The same phenomenon occurred in Wolffia 
(Khurana et al. 1986). 
The state of the nutrient medium has also been noted to 
have an effect on flowering, where the solidification of the 
medium with agar resulted in flower buds on explants of 
Cichorium, while liquid medium produced only vegetative 
buds ·(Bouniols 1974). This was thought to be as a result of 
the hydration of the explants and not due to the constit-
uents of the agar. 
Nitrogen 
For years, nitrogen in various forms has been recognized as 
ruwing some influence on flowering. As early as the tum of 
the century, Kraus & Kraybill (1918) noted that increasing 
nitrate concentrations caused increased flowering. In 
agreement, LO'o (1946a) investigated carbohydrates and 
nitrogen in Baeria and concluded that nitrate allows for the 
most prolific flowering, while all other nitrogen sources 
depress flowering. This is supported by Tanimoto & 
Harada (1981a, b) who found it necessary to eliminate 
NH4N03 from the medium in use, but not KN03 . 
Ammonium ions were also inhibitory of flowering in 
Lemna, where the rate of flowering decreased and the 
induction time increased (Oota & Kondo 1974). These ions 
slow down the development of initiated flower primordia, 
possibly due to a lowering of the ATP level (Kandeler 
1984). It was concluded that sucrose acts as an 'end of day' 
far-red effect, while NH4 + and N03 - are flower inhibitors. 
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Mohanty & Fletcher (1976) stated that the presence of 
NH4 + in the medium increases the activity of nitrate re-
ductase and promotes the growth of suspension cultures of 
Paul's scarlet rose. It is possible that nitrogen metabolism 
may be modified to affect flowering in a similar way (Tani-
moto & Harada 1981a, b). Recently, Tanaka et al. (1986) 
noted that flowering can be induced in Lemna by the sup-
pression of nitrate assimilation using various inhibitors, 
probably as a result of the suppression of nitrate reductase 
activity. Tanaka (1986) went on to show that Lemna aequi-
noctialis 6746 was induced to flower in continuous light on a 
nitrogen-deficient medium, but flowers would develop 
only if the plants were transferred to a nitrogen-rich 
medium. There was also a difference in the capabilities of 
NH4 + and N03 -, the latter being supportive of flowering 
with continuous exposure. Tanaka & Takimoto (1975), 
found that NH4 + causes an increase in the free and total 
amount of free amino acids to a greater extent than N03 -. 
Tanaka (1986) has suggested that NH4 + enhances nitro-
gen metabolism in a way that is unfavourable for flower 
induction. Nitrogen was found to be supportive of a faster 
rate of flowering of induced Kalanchoe nodal explants 
(Dickens 1987). Ammonium nitrate was more supportive 
of flowering than potassium nitrate. Flowering was not 
induced under non-inductive LD conditions as was shown 
by Tanaka (1986). 
Carbon/nitrogen 
Possibly the most widely researched and controversial of 
the nutrient effects in relation to flowering, is the ratio of 
carbon and nitrogen. In 1913, Klebs proposed that a high 
carbon/nitrogen ratio brings about flowering in plants. 
Many workers have subsequently supported this theory 
and some evidence exists in in vitro investigations to sup-
port it. 
Sucrose supplied to defoliated plants of Chenopodium 
(Lona 1948) and to Perilla (Lona 1949, 1950; Wada & 
Totsuka 1982) promoted flowering in all daylengths, espe-
cially if accompanied by high light intensities and low nitro-
gen levels. Chailakhyan (1945) noted that although sucrose 
promoted flowering in Perilla as did high light intensities, 
the supply of nitrogen also stimulated flowering but only in 
inductive SD. It is possible that in the latter case, as photo-
periodic induction was taking place, the higher nitrogen 
levels were simply supporting the growth of the flowers. 
Chailakhyan (1968) said that the carbon/nitrogen ratio 
does not condition the start of flowering, but is of certain 
importance and indeed he recommends the use of up to 7% 
sucrose for flowering of Nicotiana (Chailakhyan et al. 
1975). Hinnawy (1956) supported this. 
Simmonds (1982) using Streptocarpus leaf explants 
found that a high KN03 , high sucrose medium supported 
vegetative growth, while a low KN03 and low sucrose 
caused flower bud development. The parent plants were 
pre-induced, so the stimulus itself has not been repro-
duced. This low sucrose level is unusual and Simmonds 
concluded that flowering occurred in response to a de-
creased availability of nutrients rather than to a particular 
hexose/nitrate ratio. 
Carbohydrates 
In most cases, the availability of carbohydrate does seem to 
be essential for flowering, as in Xanthium where a high light 
intensity is required for induction, but could be partly 
replaced by sucrose (Liverman & Bonner 1953). In vitro 
this was supported by Cousson & Tran Thanh Van (1983) 
where the quantity of light supplied to Nicotiana thin cell 
layers resulted in different organ production, an effect 
which was copied by glucose, but not in the role of an osmo-
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regulator. A ratio of glucose and sucrose was almost able to 
substitute for the light requirement for the development of 
anthers and a style. They suggested that during the se-
quence of events leading to flower differentiation, light acts 
on energy-dependent sugar uptake and metabolism and on 
the increase of reducing potential of the chloroplasts. 
Aghion (1962) obtained partial breaking down of the 
floral gradient in flowering Nicotiana plants, where stem 
sections produced occasional flowers if cultured on a high 
carbohydrate medium. Nicotiana thin cell layers cultured in 
darkness on a very high sugar level of 100 g 1-1 produced 
flowers, indicating that photosynthesis plays an important 
role in flower differentiation, although sucrose could not 
completely substitute for light (Tran Thanh Van et al. 
1974). 
Sinapis apical buds could be induced to flower by sucrose 
(Del tour 1967) or by high light intensity (Bodson et al. 
1977). Similarly in Cuscuta, for flowering to occur, a high 
sucrose concentration removed the necessity of having a 
high light intensity (Baldev 1962). In contrast to the above, 
light was essential for flowering in Passiflora and could not 
be replaced by sucrose (Scorza & Janick 1980). In 
Spinacea , photosynthesis was not necessary for induction 
and flowering, provided an organic carbon source was 
available in the medium (Culafic et al. 1982). High light in-
tensity was able to promote flowering, as was a high sugar 
concentration, but only during the first 30 days of culture, 
after which high light intensities inhibited flowering (Wad a 
& Totsuka 1982). 
A point raised earlier was the accumulation of starch in 
the areas of callus where bud differentiation takes place 
(Thorpe & Murashige 1968, 1970) and in apical buds of 
cauliflower which subsequently differentiate flower buds 
(Sadik & Ozburn 1967). In Nicotiana thin cell layers, ex-
plants that flower exhibit early starch accumulation and 
higher mitochondrial activity in the cells (Tran Thanh Van 
& Chlyah 1976). This accumulation of starch is supported 
by cytokinins (Tetley & Ikuma 1970) which also support 
bud differentiation; and is reduced by IAA and GA3 , which 
tend to inhibit flower bud differentiation (Thorpe & Mura-
shige 1968). It thus seems apparent that there is a complex 
relationship between carbohydrate and hormone levels in 
cells and organs, which may in some way be responsible for 
flowering. This does not detract from the possibility of a 
flowering hormone , as these events may form part of the 
evocational process but not the induction process. 
Cousson & Tran Thanh Van (1983) stated that flower 
bud formation has a higher carbon energy requirement 
than bud formation . It is possible that the hydrolysis of 
starch provides a large amount of substrate for oxidative 
phosphorylation at the time of flower initiation. These 
authors also suggested that the time of hydrolysis may cor-
respond to the period where light is most essential for 
flowering. They suggested that light-mediated control of 
flower differentiation involves energy-dependent sugar 
metabolism, and therefore the modification of sugar supply 
is more dramatic than different light sources for two 
reasons. Firstly, light energy is not sufficient to trigger 
flowering if sugar is deprived, and secondly, exogenous 
sugar enhances flower differentiation in the absence of 
light. In Sinapis, a specific light requirement with a role not 
related to photosynthesis or photoinduction has been iden-
tified at the apex (Bodson et al. 1977). In this region there is 
a marked increase in soluble sugars during the transition to 
flowering (Bodson 1977). 
Closer analysis of the role of carbohydrates in flowering 
has revealed that different responses are obtained with dif-
ferent sugars. Steffen et al. (1986) noted that in Bougain-
villea, floret development was promoted by fructose 
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(83%), glucose (68%) and least of all by sucrose (24%). 
The latter buds grew poorly when compared to those grown 
on fructose, but the leaves showed no difference. In Plum-
bago , sucrose and maltose increased flowering, while lac-
tose, cellobiose and mannitol were ineffective (Nitsch & 
Nitsch 1967b). 
In Nicotiana thin cell layers, glucose was necessary for 
flowering (van den Ende et al. 1984a), and even a brief re-
moval from glucose delayed flowering but did not affect ini-
tial development. In the absence of sugar any sign of dif-
ferentiation is missing. These authors could not confirm the 
results of Tran Thanh Van (1977) that vegetative buds 
develop on a mannitol medium, which would imply an os-
motic effect. This could be due to differences in explant 
sources. 
In Plumbago, mannitol could again not replace the effect 
of sucrose (Nitsch & Nitsch 1967b), supporting the idea 
that this is not an osmotic effect. Sucrose also stimulated 
flowering in intact seedlings of Nicotiana rustica (Steinberg 
1950) and in Pharbitis (Kimura 1963; Takimoto 1960). 
Concentrations of sucrose in the culture medium of up to 
4% stimulated the rate of flowering in Kalanchoe nodal ex-
plants grown in inductive conditions. Peduncle length was 
also stimulated, while vegetative growth was generally in-
hibited. Anthocyanin levels were noted to increase with in-
creasing sucrose concentration , while chlorophyll levels de-
creased (Dickens 1987) . 
In the case of Lemna, sugar was inhibitory of flowering 
(Oota 1972), possibly due to catabolite repression of the 
transcription of floral DNA by lowering of the cAMP level 
in the apex. Oota & Kondo (1974) noted that cAMP addi-
tion could partially restore the inhibition by NH4 + and 
water treatments. 
The role of nutrients, and in particular carbohydrates 
and nitrogen, in the induction and evocation of flowering, is 
far from clear as so many other growth phenomona are also 
regulated by these substances. Whether the effects of any 
one of these substances is specific or is merely coincidental 
remains to be determined. There is nevertheless a role for a 
floral stimulus which would in turn regulate the activities of 
these substances. A similar conclusion was made by Sachs 
(1977) while addressing the nutrient diversion hypothesis. 
Conclusions 
It is clear that in vitro techniques provide an ideal tool for 
the investigation of flowering physiology, as they allow a 
degree of control seldom achieved in in vivo studies. 
There is still little justification in separating a f10rigen 
theory of flowering from a multi-component theory, al-
though the former may be part of the latter. The results 
reviewed in this paper show that a wide variety of responses 
are obtained in different plants, or parts thereof, with the 
application of an equally wide variety of substances. In an 
attempt to draw some conclusions from all these results, the 
following tentative suggestions are made: 
Many of the in vitro systems developed in this field, have 
obvious potential as bioassay systems for flower-inducing 
or inhibiting substances. 
No unequivocal evidence exists from in vitro investi-
gations, to support the existence of a 'florigen' or a specific 
flower inhibitor. 
Auxin appears to promote flower bud differentiation, 
but inhibits induction and/or evocation. 
Cytokinins play an important but unclear role in flowering. 
Their action may be related to nutrient availability or gene 
activity. 
Although gibberellins have been postulated by several 
authors to be part of the stimulus, their mode of action is 
obscure but may be linked to reserve mobilization. 
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Inhibitors have an important role to play in flowering , 
possibly by reducing vegetative growth and thus supporting 
flowering. Their mode of action is not understood. 
Many phenolic compounds have inductive capabilities , 
particularly in the Lemna system. Although these sub-
stances may be involved in the regulation of flowering, their 
role may be as part of a multi-component stimulus, or their 
efforts may be pharmacological. 
Mineral nutrient composition and concentration have a 
marked effect on flowering. Little evidence exists to ex-
plain this . 
Carbohydrate and nitrogen salts play an important role 
in flowering , possibly during evocation and differentiation. 
Many of these conclusions implicate a role for various 
substances in the evocation or differentiation and growth of 
flowers. No unequivocal evidence exists from in vitro work 
to place any of these known substances into the role of 
flower inducer. Only the extensive expansion of bioassays 
for flowering will allow such conclusions to be made. 
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